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Tin  in  the  form  of  the  metal  and  its  alloys  has  greatly 
affected  the  course  of  human  history  (1_)  from  the  Bronze  Age 
of  antiquity  to  the  Tin  Drum  (2)  of  today.  Implements  of  tin 
alloy  dating  from  about  3000  BC  have  been  found  at  Ur,  and  tin 
is  mentioned  in  the  Bible  (3).  Tinplate,  tinware,  pewter, 
bronze  and  brass,  solder,  bearing,  bell  and  type  metal,  and 
toothpaste  tubes  are  all  examples  of  current  use,  and  we  are  in 
contact  with  tin  all  through  our  lives,  from  our  tinplated 
babyfood  cans  through  stannous  fluoride-containing  toothpastes 
and  the  dental  amalgam  in  our  teeth  to  the  tinplate  on  our 
casket  linings. 

Introduction 

■N;) 

Tin  chemistry  has  been  the  subject  of  much  research  effort 
in  the  last  few  years.  Elemental  tin  possesses  two  allotropic 
modifications,  forms  a wide  variety  of  intermetallic  phases  and 
inorganic  compounds,  and  has  an  extensive  organometallic 
chemistry.  Basic  studies  in  organotin  chemistry  are  stimulated 
by  the  obvious  close  analogies  and  interesting  differences  with 
the  even  more  extensive  chemistry  of  the  cognate  organosilicon 
compounds,  and  with  the  vast  body  of  organic  chemistry,  and  also 
by  the  success  with  which  a large  number  of  modern  physical 
techniques  can  be  applied  to  organotin  compounds  Tin 
possesses,  for  example,  two  spin  of  one  half  nucx^es,  tin-117 
and  tin-119,  which  have  become  important  in  nuclear  magnetic 
resonance  studies  of  tin-proton  and  tin-carbon  coupling 
constants  as  well  as  more  recently  in  the  tin  chemical  shifts 
themselves  (£,  5) ; ten  stable  isotopes  (the  largest  number  for 
any  element),  which  allows  easy  identification  of  tin-bearing 
fragments  in  the  mass  spectrometer  (6);  the  isomeric  nuclide 
tin-1 19m,  which  with  iron-57  i > one  of  the  two  easiest  to 
observe  nuclear  gamma  ray  (MOssbauer)  resonances  (7);  and  easily 
assignable  tin-carbon  stretching  frequencies  in  the  infrared 
and  Raman  (8).  Useful  chemical  information  is  routinely 
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obtained  from  this  battery  of  powerful  techniques  in  combination 
with  others  such  as  X-ray  and  UV  photoelectron  spectroscopy  (9) . 
X-ray,  neutron  and  electron  diffraction  techniques  have  been 
applied  to  solve  the  structures  of  nearly  600  inorganic  and 
organotin  compositions  (10) . 

Tin  and  its  compounds  are  found  in  two  stable  oxidation 
states,  tin(II)  and  tin(TV),  and  assume  a wide  variety  of 
structural  types  from  the  allotropic  modifications  of  the  element 
and  its  alloys  to  compounds  in  which  the  tin  atom  is  two-  to 
eight-  coordinated  in  neutral,  cationic  and  anionic  species  with 
intra-  and  intermolecular  association  to  give  dimers  and  higher 
oligomers  and  one-,  two-  and  three-dimensional  polymeric  arrays. 
Tin  alloys  and  intermetallic  phases  exhibit  superconductivity 
(NbjSn)  (11) , ferromagnetism  (Cu2MnSn)  (12)  , and  semiconductivity 
(ZnSnAs2)  (13) . Polyatomic  anions,  the  Zintl  phases,  have  been 
characterized  to  Sn^-  (14) . Organotin  complex  ions  can  be 
cationic  or  anionic,  and  both  can  exist  in  one  crystal  as  in  the 
terpyridyl  complex  of  dimethyltin  dichloride  which  contains  both 
a tin-bearing  anion  and  cation  (15) . Associated  polymers  can  be 
one-  [(CH3)3SnCN]  (16) , two-  [(CH3)2SnF2]  (1_7,  1_8)  and  helical, 
three-dimensional  [ (CH3)2Sn]2NC\'  (19) . Organotin  compounds  can 
take  two-  [ (h5-C5H5)2Sn]  (20),  three-  [{ [ (CH3) 3Si]2CH}2Sn]2  (21), 
four-  [Rt+Sn]  (10),  five-  [ (CH3)  3SnCl  "CsHsN  (trigonal  bipyramidal) 
(22)  or  ( (CgHO  3Sn]  3SnNT03  (square  pyramidal)  (25)  ] , six- 
E (CH3)2SnCl4]2'  (24) ] and  seven- [CH3Sn(N03) 3 (25) ] , coordinated 
forms.  The  structure  of  tin(II)  derivatives  show  the  effect  of 
the  stereochemical ly  active  lone  pair  of  electrons  present  in 
this  oxidation  state  as  a space  in  the  coordination  sphere  (26) . 

The  Organotin  Literature 

The  literature  of  organotin  compounds  is  now  so  vast  that 
some  guidance  for  the  interested  reader  is  in  order.  Two 
important  single-author  works  are  available  (27,  28)  along  with 
a three-volume  edited  work  (29) , but  these  all  date  from  1970- 
1971.  Extensive  reviews  of  the  formation  and  cleavage  of  the 
bonds  of  tin  to  carbon  (30),  the  halogens  and  the  halogenoids  (31) 
were  published  in  1968  ancT  1972,  respectively.  A more  recent 
work  brings  together  the  papers  delivered  at  a 1976  Symposium  on 
chemistry  and  applications  (32) . The  structural  data  for  over 
250  organotin  compounds  have  been  reviewed  in  1978  (10) . 

However,  the  definitive  compilation  of  information  on  organotin 
compounds  is  to  be  found  in  the  Gmelin  Handbuch  der  Anorganischen 
Chemie.  The  first  four  volumes  covering  R4Sn  (1975)  (33)  , 

R3SnR' (1975)  (34),  R2SnR2,  R2SnR'R",  RR'SnR"RM' , heterocycles 
and  spiranes  (1976)  (35)  and  organotin  hydrides  (1976)  (36)  have 
been  published  thus  far.  The  publishing  program  under  tfwT 
authorship  of  H.  Schumann  and  I.  Schumann  will  eventually  include 
all  compounds  in  which  tin  is  bound  to  carbon.  In  the  meantime, 
readers  can  keep  abreast  of  the  literature  using  the  Annual 


Surveys  for  each  year  since  1964  published  in  various  forms 
associated  with  the  Journal  of  Organometal 1 ic  Chemistry 
(37-48),  and  using  the  yearly  volumes  on  Organometal 1 ic  Chemistry 
in  the  Specialist  Periodical  Reports  of  the  Chemical  Society  of 
London  (49-55) . The  manufacture  and  use  of  selected  alkyltin 
compounds  have  been  reviewed  in  1976  in  a U.S.  Government 
report  (56) . 

This  review  paper  is  based  upon  two  U.S.  Government 
commissioned  reports:  Criteria  for  a_  recommended  standard. . . 
Occupational  Exposure  to  Organotin  Compounds , from  the  National 
Institute  for  Occupational  Safety  and  Health  (NIOSH) , November, 
1976,  under  the  editorship  of  E.S.  Flowers  (57) . The  Stanford 
Research  Institute  staff  developed  the  basic  information  for 
this  report.  The  second  report,  Assessment  of  the  Need  for,  the 
Character  of,  and  the  Impact  Resulting  from  Limitations  on 
Selected  Organotins.  Phase  I.  Assessment  of  the  Need  for 
Limitations  on  Organotins , from  the  Environmental  Protection 
Agency  (EPA) , Office  of  Toxic  Substances  (OTS) , July,  1977, 
under  the  editorship  of  R.R.  Wilkinson  and  I.C.  Smith  of  the 
Midwest  Research  Institute  whose  staff  developed  the  basic 
information  and  wrote  the  report  (58).  The  EPA-OTS  project 
officer,  P.  Hilgard,  has  kindly  given  permission  to  quote  from 
this  preliminary  draft  report  before  its  release  by  the  agency. 
The  author  was  a consultant  in  the  preparation  of  these 
documents  for  the  government  agencies.  In  addition,  much  useful 
information  was  shared  by  the  participants  at  a Workshop  on 
Organotins  organized  by  M.L.  Good  in  February,  1978  under  the 
sponsorship  of  the  U.S.  Office  of  Naval  Research  (59) . 

Historical 

Until  recently  it  was  generally  believed  that  organometal 1 ic 
compounds,  which  are  usually  air-  and  moisture  sensitive,  were 
purely  artificial  and  synthetic,  and  a text  published  in  1964 
stated,  "The  situation  regarding  applications  may  be  summed  up 
by  saying  that  there  are  no  organometal lie  compounds  in  nature, 
there  seemingly  being  no  mechanism  for  their  formation..."  (60) ■ 
However,  it  had  been  recognized  early  in  the  19th  century  that 
cases  of  arsenic  poisoning  could  be  traced  to  the  use  of 
domestic  wallpapers  containing  Scheele's  green  (copper  hydrogen 
arsenite)  and  Paris  or  Schweinfllrter's  green  (cupric  aceto- 
arsenite)  dyes.  Gmelin  in  1839  described  a garlic  odor  in  rooms 
in  which  the  symptoms  developed  (61) , and  it  was  demonstrated  in 
1872  that  moldy  green  wallpaper  liberated  an  arsenic-containing 
gas  (62) , but  it  was  the  definitive  experiments  of  Gosio  in  1S97 
that  established  this  "Gosio-gas"  as  an  organometal  lie  compound, 
an  alkylarsine.  It  remained  for  Challenger  to  identify  the 
garlic  odor  component  as  (Cll3)3As  in  1933  (64)  , and  to  coin  the 
term  "biological  methylation"  for  its  production. 

Despite  continued  publication  by  Challenger  (G5,  66)  on  the 


subject  of  biomethylation,  the  crystal  structure  of  the 
vitamin  B-12  (cobalamin)  coenzyme  5,6-dimethylbenzimidazolyl- 
cobamide  in  1961,  which  showed  the  presence  of  a cobalt-carbon 
bond  (67) , was  viewed  as  a curiosity  at  the  time.  Meanwhile, 
the  tragic  deaths  of  residents  at  Minimata  Bay,  Japan  became 
recognized  as  owing  to  ingestion  of  methylmercury  derivatives 
formed  from  the  inorganic  mercury  effluent  of  a nearby  factory 
(68),  and  in  1969  it  was  demonstrated  that  living  organisms 
have  the  ability  to  methylate  mercury  (69) . 

Now  the  methylation  of  metals  and  metalloids  in  the 
environment  is  recognized  as  an  important  route  in  their 
mobilization.  The  role  played  by  microorganisms  in  the  bio- 
chemical transformations  whereby  elements  are  methylated  is 
being  elucidated,  and  some  of  the  molecular  mechanisms  are 
beginning  to  be  grasped  (68,  70-78) . 

Organotins  in  the  Environment 

Production.  The  annual  world  consumption  of  tin  in  all 
forms  was  ca.  200,000  tons  (ca.  400  million  lbs.  or  ca.  180 
million  kg)  in  1976,  but  of  this  total  only  ca.  55  million  lbs. 
(ca.  25  million  kg)  was  in  the  form  of  organotin  compounds. 

These  compounds  were  composed  of  a weighted  average  of  ca.  31% 
tin,  and  so  only  ca.  17  million  lbs.  (ca.  7.7  million  kg)  of 
tin  or  4.26%  of  the  annual  world  production  of  tin  is  produced 
in  this  form.  The  U.S.  consumption  of  organotin  compounds  was 
ca.  24  million  lbs.  (ca.  11  million  kg)  in  1976.  Midwest 
Research  Institute  forcasts  call  for  an  11-13%  annual  growth  for 
the  next  ten  years  (58) . 

Table  I lists  the  estimated  U.S.  production  of  selected 
aklyltin  compounds  for  the  period  1965  to  1976.  The  total 
weight  of  these  organotin  compounds  produced  in  this  country 
during  this  12-year  period  is  ca.  185  million  lbs.  (ca.  84 
million  kg). 

Use.  Over  two-thirds  of  the  total  world  annual  production 
of  organotin  compounds  is  devoted  to  the  thermal  stabilization 
of  polyvinyl  chloride  (PVC)  plastics  (79) . The  mechanism  of  PVC 
breakdown  is  not  entirely  clear  at  present,  but  the  most 
commonly  accepted  view  is  that  the  decomposition  is  related  to  a 
dehydrochlorination  reaction  at  an  allylic  or  tertiary  chlorine 
site  with  the  formation  of  a double  bond.  As  the  degradation 
continues,  conjugated  unsaturated  systems  are  formed  which 
diminish  optical  clarity  and  lend  undesirable  color  to  the 
plastic.  As  little  as  0.1%  decomposition  can  lead  to  blackening. 
The  dehydrochlorination  process  is  autocatalytic , and  in  the 
processing  of  unplasticized  PVC  resin,  temperatures  well  in 
excess  of  those  required  for  the  initiation  of  the  degradaiive 
process  are  attained  (>200°C) . The  mode  of  action  of  the 
effective  stabilizers  is  not  completely  known,  but  probably 
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involves  exchange  of  allylic  chloride  atoms  with  the  anionic 
portion  of  the  organotin  compound,  and  the  absorption  of 
liberated  hydrogen  chloride  to  release  compounds  which  can  add 
across  the  unsaturated  centers. 

Typical  stabilizers  are  dialkyltin  compounds  containing 
thio  or  ester  groups.  The  original  patents  issued  to  V.  Yngve 
of  Carbide  and  Carbon  Chemicals  Corporation  in  1936  and  based 
upon  the  discoveries  of  W.M.  Quattlebaum,  were  for  the 
application  of  dibutyl  compounds,  but  dioctyltins  are  now  in 
use  as  well.  The  addition  of  small  amounts  of  monoalkyltins 
has  a synergistic  effect.  The  groups  attached  to  the  alkyltin 
moieties  include  the  laurate  and  maleate,  and  several  mercapto 
derivatives  derived  from  octyl  and  isooctyl  esters  of 
thioglycolic  acid.  In  the  last  decade  there  has  been  a shift 
of  emphasis  from  flexible  to  rigid  PVC  products,  the  latter 
requiring  much  higher  processing  temperatures.  The  need  for 
better  stabilization  has  thus  become  more  acute  if  PVC  with 
the  desired  colorlessness  and  transparency  for  packaging  films, 
piping,  bottles  and  siding  is  to  be  produced.  Dimethyltins , 
because  of  their  extremely  great  thermal  stability  allow  the 
use  of  high  working  temperatures  and  high  working  speeds,  and 
their  application  may  have  economic  advantages  (80) . 

Organotin  compounds  are  also  used  as  catalysts  in  the 
production  of  rigid  polyurethane  foam  and  for  the  room 
temperature  vulcanization  of  silicone  elastomers.  Biocidal  and 
anthelmintic  applications  will  be  discussed  separately,  below. 

Table  II  lists  the  estimated  annual  U.S.  consumption 
of  selected  alkyltin  compounds  in  the  four  use  areas  discussed 
above,  plus  miscellaneous  uses  and  exports.  The  capital  value 
of  the  organotin  chemicals  used  in  PVC  heat  stabilization  was 
$50  million  in  1976,  with  the  total  capital  value  for  all  uses 
estimated  at  $67.7  million. 

Final  Disposal.  Consumption  of  commercial  organotin 
chemicals  is  given  by  sector  for  1976  in  Figure  1.  The  route 
for  each  use  area  from  introduction  through  consumption  and 
release  to  the  environment  is  given  on  a weight  basis. 

Industrial  disposal  options  include  evaporation, 
bacterial  degradation  settling  ponds,  sludge  burial  within 
property  lines,  use  of  contract  disposal  services,  deep-well 
injection,  hydrolysis  and  precipitation  methods,  discharge  to 
municipal  treatment  plants,  NPDES  (National  Pollution  Discharge 
Elimination  System)  permits,  and  potential  reclamation  or  re- 
covery and  recycling  techniques.  Midwest  Research  Institute 
estimates  that  only  0.5%  of  production,  or  ca.  0.12  million  lbs. 
(ca.  0.054  million  kg)  are  lost  to  the  environment  by  these 
routes  at  the  source  of  manufacture. 


Consumer  disposal  options  include  municipal  sewers, 
municipal  waste  collection  which  reaches  landfill  or 
incinerator,  normal  weathering  of  the  consumer  product,  and 
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Figure  1.  Organotin  chemicals  consumption  in  1976  (58) 
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release  to  the  marine  environment  through  leaching.  The  24 
million  lbs.  (ca.  11  million  kg)  of  organotin  compounds 
annually  manufactured  in  the  U.S.  will  eventually  reach  the 
environment  in  some  form.  The  24  million  lbs.  of  organotins  are 
formulated  or  compounded  into  perhaps  2,400  million  lbs.  (ca. 
1,100  million  kg)  of  industrial  and  commercial  products 
which  are  redistributed  to  the  environment.  Table  III  shows 
the  estimated  quantities  of  organotins  released  to  the 
environment  in  1976  by  various  routes  which  are  shown 
schematically  in  Figure  2. 

Transport  in  the  Environment.  This  section  discusses  the 
transTer  behavior  of  organotin  compounds  in  the  environment 
with  respect  to  volatility,  solubility,  bioaccumulation  and 
bioconcentration. 

The  industrially  important  organotin  chemicals  are 
generally  liquids  and  waxy  solids  or  powders  of  low  volatility. 
Boiling  points,  even  at  reduced  pressures,  are  quite  high, 
e.g. , 40U°C/10  torr  for  dibutyltin  dilaurate  and  180°C/2  torr 
for  bis (tributyltin) oxide  (TBTO)^  and  the  vapor  pressure 
calculated  at  25°C  based  upon  a molar  heat  of  vaporization  of 
20.2  Kcal/m  for  TBT0G  is  1.6  x 10"3torr,  which  corresponds  to 
510  mgm/m3  of  air  (58) . While  this  exceeds  the  recommended 
NI0SH  standard  of  0.1  mg/m3  analyzed  as  tin  for  workplace 
air  (57),  a vapor  pressure  of  this  small  magnitude  is  probably 
insufficient  to  mobilize  large  amounts  of  organotins  in  the 
environment.  In  addition,  organotin  compounds  adsorbed  in 
soil  or  dissolved  in  water  would  have  an  even  smaller  tendency 
to  escape  to  the  atmosphere. 

Solubility  data  are  limited,  but  the  higher  trialkyltin 
compounds  are  nearly  insoluble  in  water  [10  to  50  ppm  at 
ambient  temperatures  (98) ] in  accord  with  their  hydrocarbon- 
like character.  Bis (tributyltin)oxide  and  tributyltin  fluoride 
are  soluble  in  sea  water  to  the  extent  of  51  and  6 ppm, 
respectively  (99) . Solubility  in  common  organic  solvents  and 
in  lipids  is  a function  of  the  number  of  organic  groups 
attached  to  the  tin  atom,  and  is  proportional  to  their  bulk. 

The  methyltin  compounds  are  the  most  water  soluble  of  the 
organotins . 

Leaching  from  soils  has  been  investigated  using  carbon-14 
labeled  compounds.  Even  hot  methanol  treatment  fails  to 
remove  triphenyltin  acetate  completely,  and  neither  this 
fungicide  nor  any  of  its  abiotic  transformation  products  are 
leached  over  a six-week  period.  Over  70%  of  the  activity  was 
found  in  the  upper  4 cm  of  the  packed  soil  column  used  (93) . 

Neutron  activation  analyses  have  been  carried  out  on 
unspecified  dried  water  plant  material,  sediments  and  fish 
samples  taken  from  a Bavarian  river  both  up-  and  downstream 
from  a factory  producing  tin  compounds  and  using  a chlorine 
alkali-electrolysis  process  involving  mercury.  The  results 


TABLE  III 

Estimated  Quantities  of  Organotins 
Released  to  the  Environment  for  1976 
Various  Routes 


• 

Organotln  bearing 
product 

Organotln 
content  fib) 

Tn  use  fib) 

• * 

Discarded 

fib) 

Environmental  route 

9 

• 

Mastics,  PVC, 
n,  silicones 

21  x 10* 

16  x 10* 

• * 

5 x 10« 

0.5  x 106 
4.5  x 106 

Incinerated 

landfill 

Antlfoultng  paints 

0.8  x 106 

0.6  x 106 

40 

o 

ad 

H 

• 

O 

0.4  x 106 

ocean  and 
estuarine 

vater 

sediments 

• 

* 

Industrial  and 
consumer  sllmlcldes 
and  other  biocides 

0.7  x 10* 

0.3  x 10* 

0.2  x 106 

0.2  x 106 

rivers  and 
estuaries, 
sediments 

Latex  paints 

0.5  x 106 

0.475  x 10* 

0.025  x 10® 

2.5  x 103 

dumped 

* 

or  leaked 

. ’• 

All  other  applications 
Including  export 

1.1  x ID6 

0.77  x 10* 

0.34  x 106 

0.34  x 106 

landfill 

taken  from  ref.  58 

• 

- 

• • 

• 

• 

i Vi  « 

> 

» 


V 


Figure  2.  Organotin  environmental  exposure  (58) 


for  the  sediments  were  0.9  and  112  ppm  Hg  and  16.6  and  69  ppm 
Sn  up-  and  downstream,  respectively,  on  a dry  weight  basis. 

The  bioconcentration  in  the  water  plants  is  shown  in  Table  IV. 
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TABLE  IV 

Water  plant  samples 
(dry  weight  basis,  ppm) 

Element  Origin  Upstream  Downstream 


Apparent 

magnification 

factor 


Sn 

Alz 

13 

240 

Sn 

Alzkanal 

14 

2,370 

170 

Hg 

Alz 

1.3 

230 

180 

Hg 

Alzkanal 

0.6 

295 

500 

Both  tin  and  mercury  were  found  in  fish  meat  and  livers  at  low 
(ca.  1 ppm)  concentration.  The  species  present  were  not 
identified  (100) . 


Environmental  Fate.  Once  in  the  environment  the  organotin 
compounds  are  leached  from  consumer  products  by  environmental 
forces  such  as  heat,  light,  and  the  action  of  water,  oxygen, 
ozone,  carbon  dioxide  and  microorganisms.  It  has  been 
estimated  that  ca.  5.0  million  lbs.  (ca.  2.3  million  kg)  of 
organotins  in  PVC  are  disposed  of  annually  by  landfill  and 
incineration  and  that  ca.  1.0  million  lbs.  (ca.  0.45  million 
kg)  of  biocides  are  released  annually  to  the  environment  via 
municipal  sewers,  surface  waterways,  harbors  and  the  oceans 
(58) . The  human  and  ecological  significance  of  these  inputs 
to  the  environment  depend  upon  the  persistence  of  the 
organotins,  their  mobility  between  media,  and  the  available 
pathways  to  susceptible  populations  of  the  organotins 
themselves  and  their  degradation  products. 

Organotin  compounds  are  subject  to  both  chemical  and 
biological  degradation. 

Chemical  Degradation.  Carbon-tin  bonds  are  thermally 
stable  below  200°C,  but  arc  capable  of  polarization  by 
attacking  species  in  either  direction.  Organotin  compounds  are 
thus  susceptible  to  attack  at  the  carbon-tin  bond  by  both 
nucleophilic  and  electrophilic  reagents,  leading  to  hydrolysis, 
solvolysis,  acidic  and  basic  reactions,  halogenation , etc. 
(27-32) . The  results  of  scattered  kinetic  studies  in  the 
literature  on  the  cleavage  of  alkyl-,  unsaturated  and  aromatic 
groups  from  tin  by  hydrogen  chloride  and  metal  halides,  Cr03 
in  glacial  acetic  acid,  alkali  metal  hydroxides  in  water 


and  aqueous  perchloric  acid  are  displayed  in  Table  V.  Homolytic 
reactions  involving  organotin  compounds  with  free  radicals 
have  been  recently  reviewed  (81) . All  these  studies  were  of 
course  carried  out  in  homogeneous  media  where  it  is  found  that 
the  cleavage  of  the  organic  groups  from  tin  is  always  first- 
order  in  each  reactant.  In  polar  solvents  there  is  probably 
initial  solvation  of  the  tin  compound,  followed  by  electrophilic 
attack  (Sg2)  on  a carbon  atom  adjacent  to  tin.  With  alkali 
there  can  be  nucleophilic  attack  (S^.2)  on  the  tin  atom  with 
expulsion  of  a carbanion.  Although'  some  organotin  compounds 
will  undergo  unimolecular  photolysis  or  thermolysis  under  mild 
conditions,  free  organotin  radicals  are  usually  foimed  by 
bimolecular  reaction  with  some  other  radical.  The  attack  can  be 
at  the  tin-carbon  bond,  or  elsewhere  in  the  molecule  (81) . From 
these  and  other  studies  (90 , 91)  it  can  be  generalized  that  the 
progressive  cleavage  of  organic  groups  from  tin  is  dependent 
upon  the  type  of  organotin  compound,  the  number  of  organic 
substituents,  and  the  solvolytic  conditions.  The  relative  ease 
of  removal  of  aliphatic  groups  decreases  with  increasing  size 
of  the  group,  but  unsaturated  and  aromatic  groups  are  cleaved 
more  rapidly.  For  the  series: 

R4Sn-^h  R3SnX— R2SnX2  RSnX3 SnX4  (1) 

the  reaction  rates  are  k4>>k3>>k2R:ki . Laboratory  solvolytic 
reactions  generally  represent  extreme  pH  conditions  (pH  < 1 or 
> 14).  Half-lives  range  from  one  minute  to  115  days,  depending 
upon  these  conditions  and  specific  organotin  compounds  studied. 
The  solvolysis  of  tetraalkyltins  carried  out  under  less  severe 
conditions  (pH  = 4 to  10) , may  be  several  orders  of  magnitude 
slower  (10_i4  to  10'6),  and  these  tetraalkyltins  will  react  10  to 
100  times  faster  than  trialkyltins.  The  solvolysis  rates  of 
dialkyltins  again  approach  those  of  the  tetraalkyltins. 

The  inorganic  anionic  groups  in  the  organotin  compounds 
react  with  moisture  and  air  to  cleave  from  tin  in  an  hydrolysis- 
oxidation  to  give  stannols  and  oxides.  In  this  way  successive 
reaction  of  both  parts  of  the  molecule  leads  eventually  to 
completely  inorganic  hydrated  tin  oxides. 

Biological  Degradation.  Microbial  action  is  also 
significant.  Rate  constants  and  half-lives  have  been  estimated 
from  laboratory  studies  in  water  and  are  listed  in  Table  VI 
(92) . Other  studies  have  utilized  carbon-14  labeled  triphenyltin 
acetate  in  which  the  release  of  14C02  from  soil  samples  was 
monitored  in  the  dark,  and  a half-life  of  140  days  determined  for 
concentrations  of  5 and  10  ppm  (95) . Using  UV  irradiation  for 
10  minutes  to  one  hour,  degradation  into  di-  and  monophenyltin 
compounds  was  observed  for  the  acetate  (93^,  9£)  and  hydroxide 
(94).  The  degradation  of  the  chloride  on  sugar  beet  leaves  in  a 
green  house  environment  has  been  investigated  using  a tin-113 


TABLE  V.  Solvolysis  of  Organotins 
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TABLE  VI 


Rate  Constants  and  Half-Lives  at  20°C  for  Selected 
Organotin  Compounds  of  Potential  Commercial  Interest 
in  Distilled  Water  (92) 


Compound 

Concentration 
range  (mg/t) 

Rate  constants 
(day-1) 

Half-life 

(days) 

TBTd® 

2-4 

0.038 

18.2 

Tributyltin  meth- 
acrylate 

0. 2-0.4 

0.035 

19.8 

Bu  IOMA 

1.5-3 

0.607 

1.14 

Diethyltin 

dicaprylate 

1-2 

0.311 

2.22 

Dioctyltin  bis-(iso- 
butylmaleate) 

3-4 

0.213 

3.25 

label.  The  pattern  of  conversion  to  inorganic  tin  can  be  seen 
in  Table  VII.  No  measurable  amounts  of  acitivty  were  found  in 

TABLE  VII 

Degradation  of  Triphenyltin  Chloride  on  Sugar  .Beet 
Leaves  in  a Greenhouse  Environment  (95) 


Percentage  of  total  radioactivity  applied 


Experiment 

No. 

Days  after 
application 

•i3Sn+ 

<t>2Sn+2 

+3 

4>Sn 

_ +4 
Sn 

Not 

extracted^ 

1 

0 

100 

. 

. 

2 

3 

86 

10 

<1 

3 

1 

3 

7 

67 

13 

1 

16 

3 

4 

14 

47 

9 

1 

38 

5 

5 

21 

33 

7 

1 

55 

4 

6 

28 

26 

4 

1 

60 

9 

7 

35 

22 

2 

1 

65 

10 

8 

42 

19 

<2 

1 

67 

12 

a/ 

' Hydrolyzed  and  aged 

$Sn*3 

and  Sn+*. 

the  stems  of  the  plants  or  in  the  sugar  beets  during  the  42 
days  of  the  experiments.  All  the  activity  could  be  accounted 
for.  The  apparent  half-life  was  initially  two  weeks,  but  the 
degradation  rate  slowed  after  this  (95) . Tributyltin 
fluoride,  which  is  used  as  an  antifouling  agent,  hydrolyzes 
very  rapidly  in  low  concentration  in  sea  water  to  give  the 
chloride  and  oxide.  Carbon  dioxide  can  react  with  the  oxide 
to  form  the  carbonate.  Ultimately,  through  the  action  of 
sunlight  and  oxygen,  hydrated  inorganic  tin  oxide  is  formed 
in  a stepwise  degradation  sequence  (96).  IVhile  the  various 
results  from  separate  studies  disagree  in  their  details,  it 
is  clear  that  the  conversion  to  less  alkylated  and  arylated 
tins  proceeds  sequentially  to  produce  hydrated  inorganic  tin 
oxides  with  half-lives  ranging  from  seconds  to  days,  depending 
upon  the  conditions. 

Tests  on  clay-based  soils  indicates  that  organotin 
compounds  disposed  of  in  landfills  will  be  immobilized.  Under 
simulated  soil  leaching  conditions,  using  carbon-14  labeled 
compounds,  high  Freundlich  isotherms  were  determined  for 
different  soil  types  suggesting  retention  of  94.9  to  99.2% 
of  the  organotin  compounds  at  their  original  site  of  placement. 

No  more  than  0.2%  of  the  test  triorganotin  compounds  were 
found  in  the  leachates  (97) . 

Biomethylation  of  Inorganic  Tin.  Microbial  aerobes  can 
solubilize  HgS  (solubility  product  10'53M)  in  the  form  of  Hg2  + 
by  oxidizing  the  sulfide  through  sulfite  to  sulfate  (101)  , 
whence  Hg?+  can  be  reduced  to  mercurv  metal  by  bacterial 
enzymatic  action  and  liberated  to  the  atmosphere  from  the 
hydrosphere  because  of  the  considerable  vapor  pressure  of  Hg°. 

An  alternative  detoxification  mechanism  converts  Hg2+  to  methyl- 
and  dimethylmercury  (102 , 103) , the  latter  of  which  is 
volatile  and  lost  to  the  atmosphere.  The  synthesis  of 
dimethylmercury  is  ca.  6000  times  slower  than  the  synthesis  of 
methylmercury  (104) . 

The  chemistry,  biochemistry  and  toxicology  of  tin  is 
somewhat  different,  however,  beginning  with  the  non-volatility 
of  the  metal  itself.  Microbial  methylation  of  inorganic  tin 
has  been  claimed  for  a Pseudomonas  species  isolated  from 
Chesapeake  Bay  in  a widely  quoted  conference  report  in  1974 
(105) . In  the  laboratory,  tin(II)  under  nitrogen  at  pH  1 in 
1.0  M aqueous  salt  solution  in  the  presence  of  methylcobalamin 
at  ca.  5 x 10_4M  with  a single  electron  oxidizing  agent  such  as 
iron (1 1 1)  chloride  or  aquocobalamin  is  methylated  during  one 
day  at  20°C.  Carbon-14  labeled  methylcobalamin  showed  no 
organic  products  resulting  from  the  cleavage  of  the  cobalt-carbon 
bond.  Tin(IV)  did  not  participate.  The  rate  of  the 
methylation  reaction  was  measured  in  10-  to  100-fold  excess  of 
tin(II)  as  1.4M-1s-1  which  is  dependent  upon  the  pH.  In  aqueous 
tartrate  buffer  at  pH  as  high  as  5,  carbon-cobalt  bond  cleavage 


was  found  to  occur  (106) . The  mechanism  for  the  methylation 
has  been  discussed  in  terms  of  the  reduction  potentials  for  the 
various  species  involved  (76) . 

No  evidence  has  been  Dreviously  published  either  from  the 
laboratory  or  Nature,  however,  for  the  irethylatiorof  inorganic  tin 
by  the  species  discussed  above  past  the  monomethyl  stage  (105, 

106) . Unlike  the  monomethylmercury  derivatives  which  are  deadly 
poisonous  r.eurotoxins,  the  lipid  solubility  of  the  monomethyltins 
is  too  low,  and  they  travel  in  the  urinary  tract  where  they  can 
cause  renal  problems.  The  monomethyltins  are  expected  to  be 
more  toxic  generally  than  the  higher  aliphatic  derivatives,  but 
no  data  are  yet  available.  Single-dose  LD50  values  for  mice 
are  in  the  range  1400-1520  mg/kg  for  n-butyl-  and  n-octyl 
tris (2-ethylhexylmercaptoacetate)  and  n-butyltin  trichloride, 
and  is  >6,000  mg/kg  for  n-butyltin  acid  (107 , 108) . This 
compares  with  LD50  values  in  mice  of  35  for  the  di-n-butyl- (109)  , 
and  117  for  the  tri-n-butyltin  (110,  111)  chlorides  and  6,000 
mg/kg  for  tetra-n-butyltin  (117). 

A complex  biogeological  cycle  has  been  proposed  for  tin 
involving  successive  alkylations  which  are  as  yet  undemonstrated 
to  give  di-,  tri-  and  tetramethyltin  species  (76).  The 
Pseudomonas  b.  strain  of  bacteria  found  in  Chesapeake  Bay  gave 
evidence,  however,  of  some  conversion  of  hydrated  tin(IV) 
chloride  to  dimethyltin  dichloride  after  10  days  incubation 
at  ambient  temperature  in  >2%  oxygen  as  determined  by 
comparison  with  an  authentic  mass  spectrum,  but  the  parameters 
for  reproducability  of  these  experiments  have  not  been  worked 
out  (105) , and  no  refereed  publication  has  yet  appeared. 

The  Mercury-Tin  Crossover  System.  The  biologically  pro- 
duced methyltin  species  described  above  was  shown  to  methylate 
Hg(II)  ion  after  eight  days  of  incubation  as  determined  by 
mass  spectrometry  (105) . This  result  is  corroborated  by  an 
earlier  observation  that  aqueous  trimethyltin  methylated 
mercury(II)  ion  (113),  and  the  recent  results  of  computer 
studies  in  which  changes  of  pH,  pCl,  temperature  and  ionic 
strength  were  imposed  on  aqueous  laboratory  systems  of  pairs 
oftin(IV)and  mercury(II)  cations  between  which  methyl  groups 
were  being  transferred  (114) . A representation  of  the 
crossover  scheme  is  shown  in  Figure  3. 

Biological  Effects  of  Exposure 

Metabolism  of  Organotin  Compounds.  Tetraethyltin  was 
shown  to  undergo  destannylation  iii  vivo  by  a rat  liver  microsomal 
enzyme  system  successively  to  the  tri- (115) , di-(116)  and 
monoethyl  (117)  derivatives.  Other  trialkyltin  compounds 
behave  similarly  (116,  118) . The  total  metabolic  yield  was 
<10%,  however.  More  recently,  it  was  demonstrated  that  a 


I 


cytochrome  P-450  monooxygenase  enzyme  and  not  a lipid  peroxidase 
system  was  responsible  for  metabolism,  and  that  carbon 
hydroxylation  occurred  on  the  butyl  groups  of  carbon-14 
labeled  tributyltin  acetate  at  the  a-  to  ypositions  (119 , 120) . 
The  products  were  compared  with  authentic  samples  synthesized 
for  the  purpose,  and  similar  iii  vivo  reactions  were  shown  to 
occur  in  mice  (120) . The  primary  hydroxy lated  metabolic 
products  of  tetrabutyltin-l-^C  were  rapidly  destannylated  to 
the  tributyltin  derivatives  (120) . Successive  in  vivo 
destannylation  of  tricyclohexyltin  hydroxide  ultimately  yields 
inorganic  tin(IV)  (118) , but  more  recent  findings  reveal  that 
a cytochrome  P-450  dependent  monooxygenase  enzyme-induced 
hydroxylation  is  a major  metabolic  reaction  yielding  2-, 

3-  and  4-hydroxycyclohexyltin  derivatives  as  metabolites  (121 , 
122) . Tin-113  labeled  triphenyitin  acetate  is  apparently  not 

hydroxylated  in  vitro,  but  rats  can  metabolize  this  organotin 
to  give  substantial  amounts  of  di-  and  monophenyl-derivatives 
(120). 


Exposure  to  Organotin  Compounds.  The  toxic  response  of 
the  common  guppy,  Lebistes  reticulatus , to  tributyltin  compounds 
has  been  determined.  Guppies  appear  to  be  fatally  sensitive 
to  less  than  1 ppm  of  bis(tributyltin)oxide  (123) . Tests  on 
Lebistes  using  triphenyitin  hydroxide  show  that  0.1  ppm  killed 
43%  after  19  hour  exposure  and  100%  after  48  hours  (124)  . 
Triphenyitin  acetate  used  to  control  the  operculate  snail 
Lanistes  ovum  also  had  deleterious  effects  upon  germinating 
swamp  rice,  and  several  other  tributyltins  have  been  tested  for 
their  phytotoxicities  as  well  as  their  molluscicidal  activity 
(125) . Tributyl-  and  triphenyltins  are  also  effective  against 
algae  and  barnacles  (126,  127 , 128) . Tripropyl-,  butyl- , and 
triphenyitin  derivatives  are  toxic  to  mollusks.  Concentrations 
of  trialkyltins  of  ca.  1.0  ppm  are  lethal  to  Australorbis 
(or  Biompharlaria)  glabrata  (129) . Values  for  bis(tributyltin) 
oxide  range  between  0.05  and  0.10  ppm  (125) . Maximum 
toxicity  to  all  types  of  life  occurs  with  the  triorganotin 
derivatives,  but  there  are  important  variations  within 
this  class  of  compounds.  Mammaliam  toxicity  reaches  a 
maximum  with  the  ethyl  group  and  falls  off  rapidly  with 
increased  chain  length  as  shown  in  Table  VIII.  Insects,  on  the 
other  hand,  are  most  affected  by  the  trimethyltins , and  the 
tri-n-propyl  and  butyltins  are  most  effective  against  fungi  and 
bacteria  (137,  157a,  138 , 139) . The  tributyl  and  triphenyitin 
compounds,  which  are  not  particularly  hazardous  to  mammals  (LD50 
100-200  mg/kg),  are  very  effective  biocides  against  marine 
fouling  organisms,  for  example,  algae,  barnacles,  shrimp  and 
tubeworms  at  levels  of  0.1  to  1.0  ppm  (125) . The  comparative 
bactericidal  effects  of  the  Group  IV  di-  and  tri-organo 
derivatives  as  shown  in  Table  IX  (140) . Dibutyltin  dilaurate 
controls  the  chicken  parasite  Raillietina  cesticlllus  at  dose 


TABLE  VIII.  Oral  LD,-ft  Values  for  Organotin  Compounds. 


u r*  o o 

Or*  ^ O N 

cn  <t  in 
o w •*  •»  •* 

•J  E H ^ ^ 


^ooJcMinooo«nooooooooo 
00Hm«3NNo^(MNQO‘nrr)«n'OO 
O --4  — < •-*  ^-imcMrMr-i^inmf^ot^r^r^ 


n 4 (M  n n N N 


O 

00 

rO 


Table  continues  on  next  page. 
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levels  of  75  mg/kg  without  harm  to  the  chickens  (141 , 142)  , and 
the  effect  on  egg  production,  fertility  and  hatchability  was 
temporary  (143) . LD50  values  for  tricyclohexyltin  hydroxide 


TABLE  IX 

Comparative  Bactericidal  Effects  of  Group  IVA  Organometals 
Figures  represent  the  minimum  concentration  in  g/ml  needed  to 
inhibit  all  growth  on  Streptococcus  lortis  (140). 
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1 

toward  quail  are  in  the  range  255-390  mg/kg  with  no  effect  on 
egg  production,  fertility  or  hatching  noted  at  the  20  ppm 
dietary  level  (144) , and  toward  dogs,  cats  and  monkeys  at  >800 
mg/kg  (145) . Sheep  receiving  intrarumenal  injections  of 
tricyclohexyltin  hydroxide  in  doses  of  15  mg/kg  experienced 
no  ill  effects;  with  25  mg/kg  a transitory  anorexia  set  in; 
at  50  mg/kg  reversible  CNS  depression  and  diarrhea,  while 
four  sheep  dosed  with  150  mg/kg  died.  Yearling  cattle  and 
goats  can  tolerate  multiple  treatments  of  up  to  0.1%  w/v  of 
tricyclohexyltin  hydroxide  in  a water  spray  on  the  hide  with  no 
behavioral  effects,  but  one  ewe  aborted  twin  mid-term  fetuses 
eight  days  after  a single  application  of  a 28%  solution  and  died 
1 five  days  later  (146) . 

Against  the  bollworm  Heliothis  zea  and  tobacco  budworm 
H.  virescens  larvae,  foliar  spray  of  triorganotin  compounds 
revealed  LD50  values  of  0.20  and  0.50  mg/kg,  respectively  (147) . 
Bis (tributyltin)oxide  at  1%  w/v  in  wool  killed  100%  of  clothes 
moths  Tineola  bisselliell  larvae  without  injestion  (148) . Other 
triorganotin  derivatives  showed  values  of  0.25  to  0.30  ppm 
against  the  mosquito  Culex  pipiens  larvae  compared  with  0.04 
ppm  for  DDT  (149,  150) . Various  triphenyltin  derivatives  act  as 


95%  reproduction  inhibitors  on  the  housefly  Musca  domestica  L. 
in  as  low  as  62  ppm  dietary  dose  levels,  with  LD50  values  of 
1,000  ppm  (151) , and  act  as  chemosterilants  toward  the  German 
cockroach  Blattella  german ica  L.  and  the  confused  flour  beetle 
Tribolium  confusum  at  0.1%  by  weight  in  the  diet.  Jacquelin 
du  Val  Antifeeding  effects  were  also  noted  on  various 
i lepidoterous  larvae  including  the  cotton  leafworm  Prodenia 

litura  F,  and  the  Colorado  beetle  Leptinotarsa  decemleneata 
Say  and  Agrotis  ypsilon  Rott  (152) . Sugar  beet  leaves  treated 
with  a 0.1%  w/v  solution  of  triphenyltin  acetate  and  hydroxide 
stopped  larvae  feeding. 

In  1973  the  International  Tin  Research  Institute  organized 
a cooperative  research  project  to  investigate  the  environmental 
behavior  of  organotin  compounds.  The  Organotin  Environmental 
Project,  or  ORTEP,  is  funded  by  the  prinicpal  manufacturers 
of  organotin  chemicals  in  the  U.S.,  U.K.,  Switzerland,  Germany 
and  Japan. 

Human  Exposure.  Organotin  compounds  can  be  assimilated 
by  inhalation,  ingestion  through  food  or  water  or  by  absorption 
through  the  skin.  The  lipid  soluble  derivatives  will  accumulate 
in  fatty  tissue.  No  data  concerning  the  rates  of  metabolism 
degradation  or  excretion  in  humans  or  test  animals  are  available. 
The  total  daily  intake  for  tin  in  the  diet  has  been  estimated 
to  be  in  the  range  187  to  8,800  ug/day  which  corresponds  to  an 
average  of  2.7  to  126  pg/kg  for  an  adult  (153) . Tin,  presumably 
as  inorganic  tin,  has  been  shown  to  be  an  essential  growth 
factor  in  the  rat  (154) . 

A harmful  physiological  effect  was  first  noticed  in  1858 
for  a diethyltin  chloride  which  had  a "powerfully  pungent  odor" 
and,  when  heated,  produced  a vapor  that  "painfully  attacks  the 
skin  of  the  face"  and  caused  fits  of  sneezing  (155) . Similar 
effects  were  experienced  with  triethyltin  chloride  and 
tetraethyltin  (156) . The  vapors  of  triethyltin  acetate  were 
observed  to  cause  nausea,  headache,  general  weakness,  diarrhea 
and  albuminuria,  and  tetraethyltin  caused  headache  (157) . The 
sternutatory,  irritative  and  lachrimatory  properties  of 
triethyltin  iodide  were  studies  for  possible  chemical  warfare 
applications,  but  none  of  the  effects  were  considered  potent 
enough  and  the  idea  was,  mercifully,  abandoned  (158,  159 , 160) . 
Widespread  poisoning  occurred,  however,  in  France  and  Algeria 
in  1954  as  a result  of  taking  Stalinon  capsules,  each  of 
which  was  stated  to  contain  15  mg  of  diethyltin  diiodide,  for 
the  systematic  treatment  of  staphylococal  infections  of  the 
skin  (161) . The  incident  involved  210  known  cases  of  harmful 
effects  and  one  hundred  deaths.  It  is  estimated  that  the  fatal 
doses  of  the  organotin  were  in  the  range  380  to  750  mg  (162-171) . 
The  preparation  may  have  also  contained  tri-,  mono-  and 
tetraethyltin  (172). 

Adverse  effects  produced  by  occupational  exposure  to 


triphenyltin  acetate  used  as  an  agricultural  fungicide  in 
Eastern  Europe  (172-176)  include  general  malaise,  headache, 
loss  of  conciousness , epigastric  pain,  vomiting,  irritation 
of  the  skin,  conjunctivae  and  mucosae,  dyspepsia,  diarrhea, 
foggy  vision,  dizziness,  hyperglycemia,  glycosuria  and  damage 
to  the  liver  shown  by  increased  collagen,  some  fibrosis  and 
increased  serum  glutamic-pyruvic  transmutase  levels.  All  of 
these  effects  were  reversible  in  a few  week's  time  and  complete 
recovery  was  effected.  Organotins  have  been  found  to  be 
highly  irritating  to  the  skin.  Experiments  with  volunteers 
showed  that  undiluted  butyltin  derivatives  produced  follicular 
inflamation  and  pustulation.  The  lesions  were  most  severe  with 
tributyltin  chloride  which  produced  mild  edema  and  itching 
(176,  177) . In  the  most  severe  cases  of  organotin  poisoning, 
involving  peralkylated  materials,  bradycardia,  hypotension  and 
and  abrupt  variations  in  the  sinus  rhythm  of  the  heart  were 
noted  (177) . The  illness  lasted  4-10  weeks. 

The  one  fatality  in  which  occupational  exposure  to 
organotins  has  been  implicated  involved  a 29  year  old  woman 
drenched  with  a slurry  of  tri-  and  diphenyltin  chloride  at 
175°F  (80°C)  causing  first-degree  thermal  burns  over  90%  of  the 
body  with  erythema  and  second-  and  third-degree  burns  setting 
in  with  85%  desquamated  skin.  Death  from  renal  failure  set  in 
12  days  later,  but  the  agent  responsible  cannot  be  determined 
from  the  available  data  (179). 

An  analytical  method  based  upon  observation  of  SnH 
fluorescence  in  an  H2-air  flame  has  been  applied  to 
organotin  compounds  present  in  human  urine  from  males  age 
25-47.  Reduction  of  the  organotins  to  the  corresponding 
hydrides  allows  speciation  of  the  tin(IV),  mono-,  di-  and 
trimethyltin  derivatives.  Averages  of  11  determinations  gave 
concentrations  in  the  ppb  range  for  tin(IV)  (0.82  ppb;  82%), 
mono- (0.090  ppb;  9%),  di- (0.073  ppb;  7.3%)  and  trimethyltin 
(0.042  ppb;  4.2%).  Total  tin  constituted  1.0  ppb  (180) . The 
same  techniques  were  applied  to  rain  (25  pptr  total  tin,  44% 
tin(IV),  24%  mono-,  30%  di-  and  0.88%  trimethyltin)  tap  (9.2 
pptr  total  tin,  24%  tin(IV),  47%  mono-,  14%  di-  and  16% 
trimethyltin),  fresh  ([average  of  16  sites  around  Tampa  Bay, 
Florida]  9.1  pptr  total  tin,  46%  tin(IV),  22%  mono-,  15%  di- 
and  16%  trimethyltin)  estuarine  ([average  of  a dozen  sites 
around  Tampa  Bay,  Florida]  12  pptr  total  tin,  63%  tin(IV), 

19%  mono-,  14%  di-  and  3.7%  trimethyltin)  and  saline  ([average 
of  a dozen  Florida  sites]  4.2  pptr  total  tin,  54%  tin(IV),  15% 
mono-,  33%  di-  and  12%  trimethyltin)  waters. 

Regulation  of  Organotins.  The  U.S.  Occupational  Safety 
and  Health  Act  (OSHA)  of  1970  requires  standards  for  the 
protection  of  workers  exposed  to  hazards  at  their  workplace. 

The  U.S.  National  Institutes  for  Occupational  Safety  and  Health 
(NIOSH)  has  recommended  a standard  for  occupational  exposure  to 


polymer  compositions  not  to  exceed  1 part  of  tin  per  hundred 
of  polymer  (196) . A subsequent  amendment  to  the  act  allowed 
the  use  of  a di-n-octyltin  S.S'-bis(isooctylmercaptoacetate) 
formulation  cf  <15 . 1-16. 1%  by  weight  of  tin  in  PVC.  The  starting 
materials  for  the  synthesis  of  the  mercaptoacetate  derivative 
were  controlled  at  not  more  than  5%  of  the  trichloro- 
and  not  less  than  95%  of  the  dichlorotin.  The  Food  and 
Agricultural  Organization  and  the  World  Health  Organization 
have  jointly  recommended  residue  limits  of  2 ppm  for  apples 
and  pears,  0.2  ppm  for  meat  and  0.05  ppm  for  milk  (197) , and 
acceptable  daily  intake  of  less  than  0.0075  mg/kg  of  body 
weight  for  the  pesticide  tricyclohexyltin  hydroxide  (198) . 

There  are  currently  no  specific  federal  restrictions  on 
the  transport  or  handling  of  organotin  compounds.  Some 
organotins  are  voluntarily  labeled  as  Corrosive  Materials  in 
the  U.S.  Handling  procedures  for  dealing  with  accidental 
spills  are  not  legally  specified.  Neither  the  Hazardous 
Substances  List  of  the  Environmental  Protection  Agency  (EPA) 
ncr  the  Carcinogenic  Suspect  Agent  list  of  the  Occupational 
Safety  and  Health  Administration  (OSHA)  contain  any  organotin 
compounds.  The  EPA  Office  of  Pesticides  has  registered 
bis (tributyltin)  oxide  and  tributyltin  fluoride  for  use  in 
antifouling  paints.  As  for  all  pesticides,  the  labels  of  the 
containers  of  undiluted  organotin  as  well  as  finished  oroduct 
must  show  analysis,  contents,  directions  for  use, 
accidental  contact  remedies  and  container  disposal.  Bis(tri- 
neophyl)tin  oxide  and  tricyclohexyl-  and  triphenyltin 
hydroxides  have  been  registered  by  the  EPA  as  agricultural 
chemicals  (199) . The  Food  and  Drug  Administration  code  permits 
the  use  of  organotin  stabilizers  in  rigid  PVC  food  containers, 
and  in  PVC  for  food  wrap,  including  di-n-octyltin  S,S'- 
bis(isooctylmercaptoacetate)  and  maleate  polymer  and 
butylthiostannoic  acid  (200) . The  EPA  allows  use  in  PVC  pipe 
and  conduit  for  potable  water.  Organotins  have  also  been 
approved  as  catalysts  and  curing  agents  in  the  production  of 
, polyurethane  resins,  silicone  polymers  and  PVC  products  for  food 

packaging,  and  as  adhesive  preservatives  for  food  use  (200) . 

■ 

Water  and  Waste  Treatment.  A U.S.  Patent  has  been  issued 
for  removal  of  inorganic  and  organolead  compounds  from  the 
aqueous  effluent  from  the  manufacture  of  tetraalkyl lead  by 
treatment  with  an  alkali  metal  borohydride  to  form  insoluble 
j lead  products  including  hexaalkyldilead  and  lead  metal  which 

can  be  separated  by  settling  (201) . Russian  authors  have 
utilized  absorption  onto  activated  carbon,  extraction  into 
ether  and  electrochemical  oxidation  methods  for  the  detoxifi- 
cation of  waters  polluted  by  organotin  compounds  (202,  203) . 
Anodic  stripping  polarography  has  been  used  to  determine 
organotin  residues  in  surface  waters  (204) . 


I 
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organotin  compounds.  The  recommended  threshold  limit  value 
(TLV)  of  0.1  mg/m3  on  a time-weighted  average,  calculated  as 
elemental  tin  has  not  yet  been  adopted  (57) . This  standard 
was  itself  based  upon  antecedent  documents.  The  American 
Conference  of  Governmental  Industrial  Hygienists  (ACGIH) 
established  a TLV  of  0.1  mg/m3  measured  as  tin  in  1965  for 
all  organotin  compounds  in  the  occupational  environment 
(186) , and  this  standard  was  reaffirmed  in  1971  by  analogy 
with  the  standards  for  mercury,  thallium  and  selenium  because 
of  a lack  of  pertinent  data  (187) . A separate  ACGIH  standard 
was  proposed  for  tricyclohexyltin  hydroxide  as  1.2  mg/m3 
measured  as  tin  in  1973,  and  the  standard  was  adopted  in  1975 
(188) . In  the  German  Democratic  Republic  the  maximum  allowable 
concentration  of  organotins  is  given  as  0.1  mg/m3  (189) , and 
Romania  and  Yugoslavia  use  the  same  figure  for  a TLV  based 
upon  the  1966  ACGIH  value  (190) . The  current  U.S.  Federal 
standard,  29  CF£  1910.1000,  is  a time-weighted  average 
concentration  limit  of  0.1  mg/m3  measured  as  tin,  and  is  based 
upon  the  1965  ACGIH  TLV  (57) . This  value  equates  to  an 
exposure  of  0.02  mg/kg/day.  The  World  Health  Organization  is 
currently  drafting  a review  of  the  environmental  health  aspects 
of  tin  (191) ■ The  Midwest  Research  Institute  report 
recommended  a maximum  daily  dosage  of  0.02  mg/kg  which  is  the 
estimated  dosage  of  a person  exposed  to  0.1  mg/m3  over  an 
eight -hour  period  for  five  days  per  week  (58) . 

The  Council  of  the  European  Communities  listed  organotin 
compounds  as  part  of  a group  of  substances  selected  on  the 
basis  of  their  toxicity,  persistence  and  bioaccumulation  to 
which  states  were  directed  to  apply  a system  of  zero-emission 
to  discharges  into  ground  water,  and  to  require  prior 
authorization  by  competent  authority  of  the  member  states  for 
all  discharges  into  the  aquatic  environment  of  the  Community 
(192) . Russian  authors  have  proposed  standards  of  20  mg/liter 
for  dibutyltin  sulfide  (193) , 2 mg/liter  for  dibutyltin 
dichloride  (193)  , and  0.2  mg/liter  for  tetraethyltin  (195) 
in  resevoir  water  based  upon  no-effect  doses  found  in  chronic 
toxicity  testing. 

Both  the  NIOSH  and  Midwest  Research  Institute  reports 
recognize  the  strong  dependence  of  the  toxicity  of  organotin 
compounds  upon  the  number  of  organic  substituents  and  their 
nature.  The  single  standard  that  is  recommended  for  airborne 
organotins  does  not  reflect  the  varied  toxicity  and  hazard  of 
these  compounds.  However,  there  is  lack  of  adequate  data  upon 
which  to  distinguish  quantitatively  between  different  compounds, 
and  a lack  of  analytical  techniques  for  the  speciation  of 
organotins  in  low  environmental  concentrations. 

Another  area  for  the  regulation  of  organotins  is  in  their 
use  as  adJitives  in  packaging  materials  for  food  and  beverages. 
The  Federal  Food,  Drug  and  Cosmetic  Act  was  amended  in  1965 
to  allow  the  introduction  of  dibutyltin  dilaurate  in  silicone 
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